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Abstract Background and aims: Whether the association between very high HDL-cholesterol
levels and cardiovascular mortality (CVM) is modulated by some facilitating factors is unclear.
Aim of the study was to investigate whether the risk of CVM associated with very high HDL-
cholesterol is increased in subjects with hyperuricemia.
Methods and results: Multivariable Cox analyses were made in 18,072 participants from the mul-
ticentre URRAH study stratified by sex and HDL-cholesterol category. During a median follow-up
of 11.4 years there were 1307 cases of CVM. In multivariable Cox models a J-shaped association
was found in the whole population, with the highest risk being present in the high HDL-
cholesterol group [>80 mg/dL, adjusted hazard ratio (HR), 1.28; 95%CI, 1.02e1.61; p Z 0.031)].
However, a sex-specific analysis revealed that this association was present only in women
(HR, 1.34; 95%CI, 1.02e1.77; p Z 0.034) but not in men. The risk of CVM related to high HDL-
cholesterol was much greater in the women with high uric acid (>0.30 mmol/L, HR 1.61; 95%
CI, 1.08e2.39) than in those with low uric acid (HR, 1.17; 95%CI, 0.80e1.72, p for
interaction Z 0.016). In women older than 70 years with hyperuricemia the risk related to high
HDL-cholesterol was 1.83 (95%CI, 1.19e2.80, p < 0.005). Inclusion of BMI in the models weakened
the strength of the associations.
Conclusion: Our data indicate that very high HDL-cholesterol levels in women are associated with
CVM in a J-shaped fashion. The risk of CVM is increased by concomitant hyperuricemia suggest-
ing that a proinflammatory/oxidative state can enhance the detrimental cardiovascular effects
associated with high HDL-cholesterol.
ª 2022 The Italian Diabetes Society, the Italian Society for the Study of Atherosclerosis, the Ital-
ian Society of Human Nutrition and the Department of Clinical Medicine and Surgery, Federico II
University. Published by Elsevier B.V. All rights reserved.

P. Palatini et al.
1. Introduction

High-density lipoprotein cholesterol (HDL-C) is a blood lipid
component that has been considered to be beneficial to
cardiovascular health and its routine measurement is
currently recommendedbyall international guidelines. This
concept is based on the results of a large number of early
epidemiological studies that showed an inverse linear as-
sociation between HDL-C concentration and risk of cardio-
vascular disease [1e3]. However, early studies did not focus
on the predictive value of very high levels of HDL-C.

Recent investigations have suggested a more compli-
cated relationship between HDL- C and cardiovascular
events showing that extremely high HDL-C levels may
paradoxically be associated with adverse cardiovascular
outcomes. Indeed, a U-shaped or even J-shaped association
between HDL-C and cardiovascular events or mortality has
been observed in several general population studies [4e6]
as well as in diabetic [7], hypertensive [8] and coronary [9]
patients. However, inconclusive results have been reported
for cardiovascular mortality (CVM) which showed an asso-
ciation with high HDL-C in some studies [9,10] but not in
other reports [4,11e14]. In addition, in several negative
studies no sex-specific data were provided [12,13]. Another
poorly explored aspect is whether the putative association
between high HDL-C and CVM may be influenced by some
facilitating factors. In the NHANES study a greater risk of
mortality and higher level of inflammatory factors were
found in the subjectswith extremelyhighHDL-C suggesting
that in this group a high level of oxidative stress may have
influenced the HDL-C-CVM association [15].

Uric acid is a heterocyclic organic compound and an end
product of purinemetabolism in humans [16]. Uric acid acts
as a pro-oxidant and pro-inflammatory factor at high con-
centration [16,17], and thusmight aggravate the risk of CVM
associated with high HDL-C. It is thus possible that the
adverse cardiovascular effects of high HDL-C are more
pronounced in subjectswith hyperuricemia as suggested by
previous research [18]. This hypothesis was explored in the
Uric acid Right for the heArt Health (URRAH) project, a
multicentre study designed by the Working Group on uric
acid and cardiovascular risk of the Italian Society of Hy-
pertension [19,20]. The purpose of the present analysis was
to verifywhether highHDL-C [(>2.07mmol/L (>80mg/dL)]
is associatedwith CVM in sex-specific analyses andwhether
this risk is increased in subjects with hyperuricemia by
leveraging data from the URRAH study.

2. Methods

2.1. Population

The URRAH project is an Italian multicentre retrospective,
observational study [19,20]. Aim of the URRAH is to study
the relationship between uric acid and cardiovascular dis-
ease within a large sample of normotensive and hyperten-
sive subjects. The database was constructed by merging
data from several cohorts recruited within the Italian Cen-
tres of Hypertension and distributed in almost all the Italian
regions. All procedures were in accordance with the ethical
standards of the institutional and/or national research
committee and with the 1964 Helsinki Declaration and its
later amendments or comparable ethical standards.

Subjects recruited in prospective observational cohort
studies as well as patients attending hypertension clinics
were included. Patients with previous cardiovascular



Table 1 Characteristics of the URRAH participants stratified by sex.

N Women Men p-value

9050 7978

Age, years 58.8 (15.2) 58.5 (14.5) 0.19
BMI, kg/m2 26.8 (4.6) 26.6 (4.2) 0.005
Office SBP, mmHg 143.3 (24.8) 143.1 (22.7) 0.63
Office DBP, mmHg 84.4 (12.8) 84.3 (12.3) 0.59
HDL-cholesterol, mmol/L 1.41 (0.40) 1.33 (0.38) <0.001
LDL-cholesterol, mmol/L 3.48 (0.92) 3.49 (0.95) 0.65
Triglyceride, mmol/L * 1.21 (10.66) 1.24 (9.56) <0.001y
Uric acid, mmol/L 0.29 (0.08) 0.31 (0.08) <0.001
Creatinine, mmol/L 0.080 (0.025) 0.084 (0.019) <0.001
Hypertension, yes 66.5% 67.2% 0.007
Diabetes, yes 10.7% 9.5% 0.012
Smoking, yesz 28.0% 42.1% <0.001

Data are mean (SD) or proportions. BMI indicates body mass index;
SBP indicates systolic blood pressure; DBP indicates diastolic blood
pressure; HDL indicates high-density lipoprotein; LDL indicates
low-density lipoprotein. *median (range); yp for log-transformed
data; zsmoker or ex-smoker.
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events were excluded. For the present study, we selected
18,072 participants (9509 women) in whom fasting HDL-C,
low-density lipoprotein (LDL)-cholesterol, triglyceride,
uric acid, creatinine, office blood pressure (BP), and infor-
mation on cardiovascular risk factors and fatal cardiovas-
cular events during the follow-up were available.

The study protocol was approved by the local Ethics
Committees in all participating Centres and written
informed consent was obtained from all of the
participants.

2.2. Procedures

Biochemical tests were measured using standard methods.
Diabetes mellitus was defined by treatment with antidia-
betic drugs, fasting plasma glucose �6.99 mmol/L
(126 mg/dL), or haemoglobin A1c � 48 mmol/mol (�6.5%).
LDL-cholesterol was calculated as: total cholesterol minus
HDL-C levels, minus triglyceride level divided by 5, if the
triglyceride level was less than 400 mg/dL. Lipid lowering
drugs were taken by 8.0% of the participants. Mortality
from major cardiovascular diseases (International Classi-
fication of Diseases, Tenth Revision (ICD-10) included fatal
events due to acute myocardial infarction, heart failure or
stroke and sudden cardiac death. Information about death
was obtained from hospital records or death certificates.
Other details of the URRAH project and the procedures
used to measure covariates have been previously pub-
lished [19,20].

2.3. HDL-cholesterol categories

Four categories of HDL-C were identified: less than
1.035 mmol/L (40 mg/dL), 1.035e1.55 mmol/L (40e60 mg/
dL), 1.55e2.07 mmol/L (60e80 mg/dL), and more than
2.07 mmol/L. In agreement with previous investigations,
people with HDL-C >2.07 mmol/L (>80 mg/dL) were
defined as having high HDL-C [8,9,13]. In the survival an-
alyses, the 1.035e1.55 mmol/L group was used as the
reference category [4,9].

2.4. Statistics

Statistical analysis was carried out using SYSTAT version 12
(SPSS Inc., Chicago, IL, USA) and Medcalc version 20.014
(Ostend, Belgium) packages. Differences in mean values
were tested with an unpaired Student t-test. Comparisons
between the four HDL-C female categories were carried out
using an analysis of covariance adjusting for age. The Chi-
squared test was used to evaluate differences between cat-
egorical variables. The associations betweenHDL-C category
and time to CVMwere analyzed in the participants stratified
by sex using the Cox proportional hazards regressionmodel.
All models were initially adjusted for age. Subsequently, all
models were further adjusted for the following variables:
smoking, diabetes mellitus, systolic BP, serum LDL-
cholesterol, triglyceride (log-transformed), uric acid, and
creatinine. Further adjustment was made for BMI. For all
analyses, the follow-up time was defined as the period
between the baseline visit and the last confirmed follow-up
or date of event. We used a Wald test for the regression
coefficients to test the null hypothesis that risk factors had
no effect. The hazard ratios (HR) from the multivariable
analyses and their corresponding two-sided 95% confidence
intervals (CI) were derived from the regression coefficients
in the Coxmodels.We tested for the presence of a nonlinear
effect of HDL-C level onCVMbyadding a squared term to the
models. The joint effect ofHDL-C groupanduric acidonCVM
was also analyzed using uric acid as a categorical variable to
facilitate interpretation and risk stratification in clinical
practice. To identify a meaningful cut-point value for uric
acid in women, the receiver operating characteristic (ROC)
curvesmethodwas used according to De Longet al. [21]. The
Youden’s index was used as a criterion for selecting the
optimum cut-point. The area under the curve was also
provided (Supplementary Table S1). To examine whether
there was an interactive effect of HDL-C with other clinical
variables on CVM, a series of sensitivity analyses were per-
formed in subjects �70 years or >70 years, smokers versus
nonsmokers, normotensives versushypertensives, diabetics
versus non diabetics, and subjects with BMI �25 kg/m2

versus >25 kg/m2. Analyses were performed using a sig-
nificance level of a Z 0.05 (2-sided).

3. Results

Characteristics of the participants stratified by sex are re-
ported in Table 1. Women were slightly heavier than men,
weremore frequently diabetic and less frequently smokers.
Uric acid, creatinine, and triglyceride were lower inwomen
thanmen, while HDL-C was higher inwomen. No between-
sex difference was found for age, BP and LDL-cholesterol.

A significant inverse correlation was found between
uric acid and HDL-C in the whole group (�0.206 p < 0.001)
and in both genders. However, in the top HDL-C group no
correlation was found between the two variables
(R Z 0.013, P Z 0.67) in either gender.



Table 2 Age-adjusted characteristics of the female participants stratified by HDL-cholesterol group.

N �1.035 mmol/L
(�40 mg/dL)

>1.035e1.55 mmol/L
(>40e60 mg/dL)

>1.55e2.07 mmol/L
(>60e80 mg/dL)

>2.07 mmol/L
(>80 mg/dL)

p-value

1615 4594 2278 563

Age, years 59.2 (0.4) 58.1 (0.2) 59.2 (0.3) 61.9 (0.6) <0.001
BMI, kg/m2 28.3 (0.1) 27.1 (0.1) 25.8 (0.1) 24.4 (0.2) <0.001
SBP, mmHg 145.6 (0.5) 143.3 (0.3) 141.6 (0.5) 143.4 (0.9) <0.001
DBP, mmHg 85.3 (0.3) 84.3 (0.2) 83.9 (0.3) 85.2 (0.5) 0.003
HDL-Cholesterol, mmol/L 0.90 (0.003) 1.30 (0.003) 1.77 (0.003) 2.31 (0.006) <0.001
LDL-Cholesterol, mmol/L 3.46 (0.02) 3.56 (0.01) 3.44 (0.02) 3.10 (0.04) <0.001
Triglyceride, mmol/L 1.64 (9.38) 1.25 (10.6) 1.01 (7.11) 0.88 (3.01) <0.001*y
Uric acid, mmol/L 0.321 (0.001) 0.286 (0.002) 0.268 (0.002) 0.262 (0.004) <0.001
Creatinine, mmol/L 0.086 (0.001) 0.081 (0.000) 0.077 (0.001) 0.073 (0.001) <0.001
Diabetes, yes 16.6% 10.2% 8.2% 8.0% <0.001
Smoking, yesz 34.3% 28.5% 24.1% 20.8% <0.001
Cardiovascular death rate 8.9% 6.7% 8.0% 11% <0.001

Data are mean (SEM) or proportions. BMI indicates body mass index; SBP indicates systolic blood pressure; DBP indicates diastolic blood
pressure; HDL indicates high-density lipoprotein; LDL indicates low-density lipoprotein. *median (range); yp for log-transformed data; zsmoker
or ex-smoker.
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The age-adjusted characteristics of the women, divided
according to HDL-C group are reported inTable 2. In general,
a graded negative relationship was found between HDL-C
and risk factor level. Women in the high HDL-C group
were slightly older, had lower level of BMI, LDL-cholesterol,
triglyceride, uric acid, and creatinine, and were less
frequently diabetic or smokers than the rest of the popula-
tion. CVM rate showed a U-shaped relationship with HDL-C
level, the high HDL-C group having the highest mortality
rate.

3.1. Association of HDL-cholesterol category with
cardiovascular mortality

During a median follow-up of 11.4 years (IQR, 5.8e13.2)
there were 1307 cases (7.7%) of CVM in the whole
Figure 1 Hazards ratios (95% confidence intervals) for cardiovascular m
stratified by sex and HDL-cholesterol category. The 40-60 mg/dL category w
population, 7.7% among both women and men. In the high
HDL-C category, the rate of CVM was 11.0% among the 563
women and was 7.1% among the 308 men. In a multivar-
iable Cox model including confounders and other risk
factors, a J-shaped association was found in the whole
population, with the highest risk being present in the high
HDL-C group (HR, 1.28; 95%CI, 1.02e1.61; p Z 0.031).
However, a sex-specific analysis revealed that this associ-
ation was present only in women but not in men (Fig. 1).
Among the women, the highest risk was present in the
high HDL-C group (HR, 1.34; 95%CI, 1.02e1.77; p Z 0.034)
(p-value for non-linearity 0.027). The strength of the as-
sociation was weakened (HR, 1.26; 95%CI, 0.95e1.67;
p Z 0.10) when BMI was included in the multivariable
model. Uric acid was also an independent predictor of
CVM in women (p Z 0.008).
ortality from multivariable Cox models in the HURRAH participants
as used as reference. HDL indicates high-density lipoprotein.



Figure 2 Hazards ratios (95% confidence intervals) for cardiovascular mortality from multivariable Cox models in the female HURRAH participants
stratified by uric acid level (�0.30 versus >0.30 mmol/L) and HDL-cholesterol category. The 40-60 mg/dL category was used as reference. HDL
indicates high-density lipoprotein.
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3.2. Association of HDL-C and uric acid as categorical
variables with CVM

According to multivariable ROC analysis in women,
optimal uric acid cut-off to discriminate between survivors
and non survivors was 0.30 mmol/L (4.96 mg/dL) (Table
S1). Hyperuricemia had a HR for CVM of 1.20 (95%CI,
1.02e1.41; p Z 0.024).

In the main analysis, the female population was thus
stratified according to HDL-C group and uric acid
�0.30 mmol/L or >0.30 mmol/L. Among the women with
hyperuricemia, again a J-shaped relationship was found
between HDL-C and CVM. The HR associated with the high
HDL-C group was 1.61 (95%CI, 1.08e2.39; p < 0.018) when
uric acid level was >0.30 mmol/L (Fig. 2).

The HR was reduced to 1.51 (1.00e2.27, p Z 0.049)
when BMI was included in the model. In the setting of
lower uric acid levels, a tendency to a U-shaped relation-
ship was found but no HDL-C group showed an increased
risk of CVM (Fig. 2). A significant interaction was found
between high HDL-C and uric acid on CVM (Fig. 3).

3.3. HDL-cholesterol interaction with other variables

In the whole female group, a significant interaction with
high HDL-C category was found also for age (�70 or >70
years) (Fig. 3). In the older women with hyperuricemia the
risk of CVM associated with high HDL-cholesterol was 1.83
(1.19e2.80, p < 0.005) (Fig. 4). No interactive effect of high
HDL-C on CVM was found for diabetes, smoking, BMI, and
BP status.
4. Discussion

The results of this analysis obtained in a large sample of
predominantly hypertensive patients show that there is a J-
shaped relationship between HDL-C and CVM which in our
study was confined to women. Both lowest and highest
levels of HDL-C appeared to be associated with increased
mortality risk but the associationwas significant only for the
categorywithHDL-C>2.07mmol/L. The novelfinding of the
present report is that the HDL-C-mediated risk of CVM was
enhanced by concomitant hyperuricemia with a significant
HDL-C-uric acid interactiononCVM.Thehigher risk found in
the women with very high HDL-C can not be attributed to
the concomitant adverse effect of traditional risk factors. In
agreement with previous observations from the CANHEART
study [14], women with high HDL-C had a less adverse car-
diovascular risk profile than those in the lower HDL-C cat-
egories, in particular a lower prevalence of smokers and
lower levels of LDL-cholesterol and triglyceride.

The measurement of HDL-C is currently used by clini-
cians to predict cardiovascular risk and the traditional
belief is that higher HDL-C levels carry a better prognosis.
This notion was mainly based on the results of early
epidemiological studies which revealed an inverse asso-
ciation between HDL-C concentrations and risk of cardio-
vascular disease [1e3]. The lack of a curvilinear
relationship between HDL-C and adverse outcomes found
in those previous studies might be due to the limited
number of subjects with very high HDL-C levels included
in the analyses or to heterogeneity in the criteria used to
identify HDL-C categories.



Figure 3 Hazards ratios (95% confidence intervals) for cardiovascular mortality from multivariable Cox models (high HDL-cholesterol category
versus reference category) in the female HURRAH participants stratified by covariates.

Figure 4 Survival curves for risk of cardiovascular mortality by HDL-
cholesterol category in the older (>70 years) female URRAH partici-
pants with uric acid > 0.30 mmol/L. Numbers refer to HDL-cholesterol
level in mg/dL.
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The present results are consistent with those of several
recent studies and indicate that clinicians should not as-
sume that high HDL-C is associated with a good prognosis.
Recent research has shown that there is a non-linear
relationship between HDL-C concentrations and CVM in
general [10] or high risk populations [9]. A tendency to a J-
shaped or U-shaped relationship was reported by several
other investigators for a variety of adverse outcomes
[6,22]. However, in many studies the association of high
HDL-C with CVM did not reach the level of statistical sig-
nificance [4,11e14]. These inconsistencies may be
explained by demographic differences in sample groups
across studies, or by the different presence and impact of
other risk factors. In agreement with previous reports [15],
in the present study inclusion of BMI in the survival
models attenuated the strength of the relationship of HDL-
C with adverse outcome.
4.1. Mechanisms for the HDL-C-CVM association and role
of uric acid

While the J-shaped relationship between high HDL-C and
adverse cardiovascular outcomes seems to be a robust
finding the mechanisms underlying this association
remain unclear. HDL-C plays a key role in the pathways
leading to atherosclerotic plaque formation, including
reverse transportation of cholesterol, inflammatory/
oxidative state, and regulation of vascular endothelial
function [6,15,23]. A possible reason for the high HDL-C-
adverse outcome association may be the complexity in
composition and metabolism of HDL-C [24]. HDL-C parti-
cles are heterogeneous macromolecules, carrying many
lipid species and proteins. According to some authors
conformation and functionality of HDL may be altered in
individuals with extremely high HDL-C levels [23,24], such
that high HDL-C would favour rather than prevent car-
diovascular disease. Another possible explanation for the
increased CVM risk might be a dysfunction of HDL-C efflux
capacity [12] which is considered a major anti-atherogenic
property of HDL [25,26].

In this milieu, the risk of CVM associated with high
HDL-C may be enhanced by some facilitating factors. A
large wealth of studies including previous results from the
URRAH project have shown that hyperuricemia is associ-
ated with several adverse outcomes including mortality
from cardiovascular events [19,20,27]. At high concentra-
tion, uric acid acts as a pro-oxidant and pro-inflammatory
factor [16,17,28]. Previous research has shown that the
function of HDL-C particles can be converted from anti-
inflammatory to pro-inflammatory under increased
oxidative stress due to additional quantitative and quali-
tative molecular changes in HDL-C components [29]. In
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1508 subjects from the cohort of the Turkish Adult Risk
Factor Study, Onat et al. found that elevated levels of
serum uric acid were associated with pro-inflammatory
state and HDL dysfunction consistent with the hypothe-
sis that uric acid mediates inflammation/oxidation
enhancement and associated HDL dysfunction [18]. It is
thus possible that the adverse cardiovascular effects of
high HDL-C are more pronounced in subjects with hyper-
uricemia an effect that could be counteracted by appro-
priate uric acid lowering treatment. The increase in risk of
uric acid and high HDL-C combined was not due to these
variables being correlated to each other, because in the top
HDL-C group no correlation was found in either gender.

An alternative explanation for the association of very
high concentrations of HDL-C with CVM is that some in-
dividuals are carriers of genetic variants that cause an in-
crease in circulating HDL cholesterol and promote
concomitant detrimental effects that increase the risk of
cardiovascular disease [30,31]. Finally, the association
could simply be due to residual confounders such as
alcohol intake which seemed to modify the relationship
between HDL-C and mortality in some studies [32] but not
in others [9,14], or the use of hormone replacement ther-
apy in women [10].

In the present study, the increased cardiovascular risk
associated with elevated levels of HDL-C in women was
not confirmed in men. Conflicting data have been reported
in the literature about the role of gender in the relation-
ship between HDL-C and adverse outcome. In some
studies a higher risk of CVM was found in women [10]
while in some others the opposite was observed [9]. In
some other studies no sex-specific analyses were carried
out [12,13] often due to small sample sizes and thus evi-
dence from the literature is inconclusive. This concern
applies also to the present study because our
doseeresponse analysis on HDL-C levels and CVM
included only 308 men in the high HDL-C group and
involved only 22 deaths, leading to less precise estimates
compared with women.

4.2. Limitations

The findings of the present study should be interpreted
with caution considering the following limitations. As
mentioned above, our study had limited power to detect
the potential adverse effects of high HDL-C levels in men
and thus the sex-related difference at high HDL-C levels
needs to be validated by studies with a larger sample size.
Another possible limitation is that the high HDL-C-CVM
association may be caused by unrecognized or unmea-
sured confounders that can result in both high HDL-C
levels and high CVM. Information on alcohol intake or use
of hormone replacement therapy was missing in many
URRAH participants and thus we could not investigate
whether these factors were modulators of the HDL-C-CVM
association. Finally, as our study was observational and
retrospective no definitive conclusion about causality can
be made.
5. Conclusions

Our data indicate that HDL-C level in women is associated
with mortality from cardiovascular causes in a J-shaped
doseeresponse pattern, with the highest risk observed at
HDL-C levels higher than 2.07 mmol/L (80 mg/dL). Our
observations have some implications for clinical practice
challenging the conventional notion that higher levels of
HDL-C are a protective factor. In addition, our findings
indicate that the risk associated with high HDL-C is
increased by concomitant hyperuricemia suggesting that a
proinflammatory/oxidative state can enhance the detri-
mental cardiovascular effects of high HDL-C. These find-
ings suggest that future mechanistic investigations need to
address the HDL phenotype and function to better un-
derstand the role of HDL-C in cardiovascular disease risk.
In individuals with extremely high HDL-C it seems war-
ranted to recommend a careful evaluation aimed to reduce
the impact of risk factors that may concur to determine
cardiovascular disease. The intertwined relationship of
hyperuricemia with high HDL-C found in the present study
suggests that pharmacological reduction of uric acid to
levels below 0.30 mmol/L (4.96 mg/dL) may decrease the
CVM risk not only related to high uric acid but also to an
abnormally high HDL-C level. Therefore, we advocate that
future clinical research should investigate the prognostic
impact of urate-lowering treatments in people with this
metabolic association, with particular reference to women.
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